Background and Purpose-The natural history of aneurysmal forms of cervical artery dissection (CAD) is ill defined. The aims of this study were to assess (1) clinical and anatomic outcome of aneurysmal forms of extracranial internal carotid artery (ICA) and vertebral artery (VA) dissections and (2) factors associated with aneurysmal forms of CAD. Methods-Seventy-one consecutive patients with CAD were reviewed. Aneurysmal forms of CAD were identified from all available angiograms by 2 neuroradiologists. 
C ervical artery dissection (CAD) accounts for up to 20% of ischemic strokes in young adults. 1, 2 Although the exact pathogenesis of CAD remains unclear, an underlying arteriopathy leading to a so-called weakness of the vessel has been postulated. 3, 4 Three main angiographic patterns of dissection have been described, including stenotic, occlusive, and aneurysmal forms. 5 Aneurysmal forms represent approximately one third of cases. 6 -14 While complete resolution of stenotic forms of dissection is the rule, the regression of aneurysms seems rare. The risk of late ischemic events associated with persistent aneurysms is not well known. Indeed, only one study has been specifically devoted to the clinical and anatomic outcome of aneurysmal forms of internal carotid artery (ICA) dissection. 14 The proper strategy for secondary prevention in patients with persistent aneurysms is controversial. Therapeutic options include antithrombotic therapy with antiplatelet drugs or anticoagulants and invasive treatments, including surgery or endovascular procedures. [15] [16] [17] [18] [19] All these therapeutic options have some risks, which must be weighed against natural history.
The aims of this study were to assess (1) the clinical and anatomic outcome of aneurysmal forms of cervical ICA and vertebral artery (VA) dissection and (2) the factors associated with aneurysmal forms of CAD.
Subjects and Methods
From January 1990 through January 2000, 71 consecutive patients with recent CAD (extracranial) were admitted to our department. All patients had digital subtraction angiography (DSA) and/or magnetic resonance angiography (MRA) at the time of the diagnosis and, with the exception of 5 patients, at least 1 follow-up angiographic study. Axial neck MRI was performed in 64 patients. The diagnosis of dissection was based on classic angiographic signs, namely, irregular stenosis ("string sign"), double lumen, and intimal flaps. 2, 5 Occlusive forms of CAD were confirmed by the presence of a mural hematoma on MRI.
Two experienced neuroradiologists reviewed all available angiograms and classified the patients into 2 groups: CAD with aneurysm and CAD without aneurysm. An aneurysm was defined as an extraluminal pouch (saccular aneurysm) or a segmental dilatation of the lumen diameter (fusiform aneurysm) 14 (Figure 1 ). The presence of multiple dissections and redundancies of the arteries was recorded. Redundancies were defined with classic criteria. 20 The following risk factors were recorded prospectively in our stroke registry: history of hypertension, cigarette smoking, hypercholesterolemia, diabetes mellitus, history of migraine according to the International Headache Society criteria, 21 oral contraceptives use, and recent (in the previous month) trauma or infection.
Between December 1999 and July 2000, all patients with aneurysmal forms of CAD were invited by mail to undergo a final clinical and standardized neuroradiological examination, including 2-dimensional (2D) time-of-flight (TOF) and gadolinium-enhanced MRA (see Imaging Protocol below) and cranial MRI to detect asymptomatic infarctions. Clinical and angiographic follow-up information on the patients who refused to participate or could not be contacted was obtained from the medical chart. Films showing the aneurysm in the same view were selected from the first and last angiograms and digitized to the same scale. Changes in aneurysm size were classified into 4 categories by the neuroradiologists: decreased size, increased size, unchanged, and resolution of the aneurysm.
Imaging Protocol
MRA was performed on a 1.5-T Signa apparatus (GE Medical Systems). A 2D TOF examination of the arteries of the neck was first performed in the axial plane with the following parameters: repetition time, 6 ms; echo time, 2 ms; flip angle, 35°; 22-cm field of view; 256ϫ224 matrix; 1.5-mm slice thickness. The spatial resolution was 0.86ϫ0.98ϫ1.5 mm. The gadolinium-enhanced MRA was acquired coronally from the arch to the skull base, using fast imaging, with the following parameters: repetition time, 6 ms; echo time, 2 ms; number of excitations, 0.5; flip angle, 35°; number of sections, 52; section thickness, 1.6 mm; field of view, 28ϫ22 cm; matrix, 256ϫ192. The spatial resolution was 1.1ϫ1.1ϫ1.6 mm. No breath hold was used. Zero-filling interpolation was used. The contrast material (Dotarem, Guerbet) was infused with a power injector (Spectris, Medrad). Twenty millimeters of contrast material was injected at a rate of 2.5 mL/s. Each bolus was immediately followed by a 20-mL saline solution flush. MR Smartprep technique (GE Medical Systems) was used with the tracker placed in the aortic arch. The images obtained were postprocessed with an Advantage Windows Workstation. MR angiograms were generated by using maximum intensity projection and multiprojection volume reconstruction projection to allow selective analysis of each artery. Encephalic MRI study included axial diffusion-weighted and fast fluid-attenuated inversion recovery (FLAIR)-weighted imaging.
Statistical Analysis
Categorical variables were compared with Pearson's 2 test and, when necessary, Fisher's 2-tailed test. Continuous variables were compared with 2-tailed t tests for comparison of means. The association between CAD with aneurysm and risk factors was expressed in terms of odds ratio (OR) and 95% CI, obtained through multivariate logistic regression.
Results
Of the 71 patients with CAD, 35 (49.3%) had CAD with aneurysm: 28 patients had 1 aneurysm, and 7 had 2 aneurysms. The sites of dissections and aneurysms are shown in Table 1 . Twenty-five patients had 1 (nϭ24) or 2 (nϭ1) aneurysms involving the artery responsible for acute symptoms (symptomatic artery). Five patients had 1 aneurysm involving the symptomatic artery, associated with an aneurysm on an asymptomatic artery. Five patients had 1 (nϭ4) or 2 (nϭ1) aneurysms involving an asymptomatic artery. Therefore, 30 aneurysms involved arteries responsible for acute symptoms (ICA, 23; VA, 7), and 12 aneurysms involved asymptomatic arteries (ICA, 10; VA, 2). Of the 42 aneurysms, 36 were identified in the acute stage of the dissection and 6 on a follow-up angiography performed 1.3 to 4.2 months later. Of these 6 patients, 1 had DSA and 5 MRA as initial angiography. ICA aneurysms were located in the following segments of the artery: subpetrous (nϭ26), mediocervical (nϭ3), and postbulbar (nϭ4). All VA aneurysms involved the third segment of the artery. Of the 42 aneurysms, 27 were fusiform (ICA, 20; VA, 7) and 15 saccular (ICA, 13; VA, 2). Fourteen ICA aneurysms were near or within a redundancy. Table 1 shows the characteristics of patients with and without aneurysm. Clinical presentation did not differ significantly between the 2 groups, but painful Horner's syndrome and/or dysfunction of cranial nerves IX to XII were slightly more frequent in patients with aneurysm. Migraine and smoking were more frequent in patients with aneurysm, but the difference did not reach statistical significance. In a multivariate logistic regression analysis including age, sex, tobacco use, and migraine as explicative variables, ORs were 2.7 (95% CI, 0.8 to 8.5; Pϭ0.10) for migraine and 2.2 (95% CI, 0.7 to 6.3; Pϭ0.16) for cigarette smoking. Dissections of multiple vessels were significantly more frequent in patients with aneurysm than in those without aneurysm (18/35 versus 7/36; Pϭ0.005), as were redundancies (20/35 versus 11/36, Pϭ0.02). Bilateral redundancies were more frequent in patients with aneurysm (11/35 versus 5/36; Pϭ0.08), but the association was not statistically significant.
Comparison of CAD With and Without Aneurysm

Follow-Up
Of the 35 patients with an aneurysmal form of CAD who were invited by mail, 28 (80%) accepted the request to 
Anatomic Outcome
After a mean anatomic follow-up of 36.6 months on average (range, 3.5 to 106.6 months), 22 of 33 patients (67%) had at least 1 persistent aneurysm. In 3 of them, the 
Values are number of subjects unless indicated otherwise. *These patients also had intracranial dissection. †One patient with 2 aneurysms on the same artery.
aneurysm was visible on gadolinium-enhanced MRA but not on 2D TOF MRA. Table 2 shows the anatomic outcome of the 40 carotid or vertebral aneurysms of these 33 patients, according to whether they were located on a symptomatic or an asymptomatic artery. Of the 22 symptomatic carotid aneurysms, 10 (46%) were unchanged, 4 (18%) decreased in size (Figure 2 ), and 8 (36%) disappeared. Complete resolution was significantly more frequent for vertebral than for carotid symptomatic aneurysms (83% versus 36%; Pϭ0.05) (Figure 3 ), but aneurysm type (fusiform/saccular) did not influence anatomic outcome. The large majority of aneurysms located on an asymptomatic carotid artery were unchanged. When only the 28 patients who had the final standardized neuroradiological examination (2D TOF and gadoliniumenhanced MRA) were analyzed, the anatomic outcome of symptomatic and asymptomatic aneurysms was similar.
Discussion
The frequency of aneurysmal forms of CAD found in our study (49.3%) is consistent with values reported in previous studies ranging from 13% to 48% for ICA 6,7,10 -14 and from 10% to 46% for VA. 8, 9, 22 The differences in the proportion of aneurysmal forms of CAD between studies may reflect different definitions of dissecting aneurysms or referral biases. In addition, some aneurysms may be missed if only an acute-stage angiography is performed, because blood flow distal to the stenosis may be insufficient to fulfill the aneurysm. Indeed, in our series, 6 aneurysms were identified only on a follow-up angiography.
Factors Associated With Aneurysmal Forms of CAD
Dissections of multiple vessels and redundancies are frequent in patients with connective tissue disorders, 23 which argues in favor of an underlying arteriopathy in patients with CAD. Our findings, that dissections of multiple vessels and redundancies were significantly more common in patients with aneurysm than in those without aneurysm (Table 1) , suggest a more severe underlying arteriopathy in patients with aneurysmal form of CAD. We also found that patients with aneurysmal form of CAD were more often migraineurs and tobacco users. Migraine has been associated with CAD in a case-control study. 24 The underlying mechanisms are unknown, but a recent study found that patients with migraine had a higher serum elastase activity level, suggesting an increase in extracellular matrix degradation. 25 Tobacco has been shown to decrease activity of ␣ 1 -antitrypsin, an enzyme that has a crucial role in maintaining the integrity of connective tissue. 26, 27 However, no association between smoking and CAD has been established. Finally, we did not find any relation between aneurysmal form of CAD and previous cervical or cranial trauma. 11 
Clinical Outcome
In the present study none of the patients with aneurysmal form of CAD had recurrent ischemic events, rupture, or local compressive signs under antithrombotic treatment (mainly aspirin) after a mean follow-up of Ͼ3 years. This result is consistent with the study of Guillon et al, 14 who 
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did not observe any recurrent event in 16 patients with aneurysmal form of ICA dissections followed up for an average of 3 years. In addition, our findings suggest that patients with aneurysmal form of VA dissection have an excellent clinical outcome. These results are also consistent with studies that assessed the overall risk of late recurrent stroke in patients with CAD and found that none of the late ischemic attacks were related to persistent aneurysm. 28, 29 Very few cases of stroke due to cervical ICA aneurysm have been reported. In some patients a thrombus was found in the aneurysm at surgery. 30, 31 However, the aneurysm was thought to represent an old dissection only in a few patients. 30 To our knowledge, no case of arterial rupture or mass effect due to persistent aneurysm after CAD has been reported.
Anatomic Outcome
In our study, as in that of Guillon et al, 14 no increase in size of the aneurysm was observed at follow-up angiographies. In both studies, most patients had a persistent ICA aneurysm: 95% 14 versus 67% in our study. The proportion of complete resolution of ICA aneurysms in our series (36%) was similar to that compiled from series of cervical ICA dissections. 6,7,10 -13 Aneurysmal forms of cervical VA dissection seem to have a better anatomic outcome than aneurysmal forms of ICA dissections, since approximately 80% of the former resolved in our series, which is consistent with the rate of disappearance (65%) compiled from the different series of cervical VA dissections. 8, 9, 22 An important difficulty is to know whether an aneurysm involving an asymptomatic artery represents a previous dissection and is present for many years or represents a purely aneurysmal form of acute dissection. In our series, 12 of 22 aneurysms (55%) involving a symptomatic carotid artery resolved or decreased in size during follow-up, compared with only 1 of the 10 aneurysms (10%) involving an asymptomatic carotid artery. This suggests that some aneurysms involving an asymptomatic artery are probably due to a previous silent dissection.
MRA has been considered a valuable technique for the diagnosis and follow-up of CAD. 32, 33 Recent advances have been made by the use of gadolinium infusion, which reduces artifacts and allows high-quality images of supra-aortic vessels. 34 However, no study has compared different modalities of MRA in the diagnosis and follow-up of CAD with or without aneurysm. Our study is the first to use TOF MRA and gadolinium-enhanced MRA in the follow-up of aneurysmal forms of CAD. We found that TOF MRA missed aneurysm in 3 cases, which suggests that gadolinium-enhanced MRA allows a more accurate visualization of aneurysms than TOF MRA.
In conclusion, this study shows that aneurysms associated with cervical ICA dissection frequently persist, while those associated with cervical VA dissection seem to have a better anatomic outcome. The persistence of cervical ICA or VA aneurysm carries very little risk of ischemic event or other complication under antiplatelet therapy. This favorable clinical outcome should be kept in mind before potentially harmful treatment of patients with aneurysmal form of CAD is contemplated. Otherwise, there is a risk of exposing patients to unnecessary complications of treatment. Conservative management with antiplatelet therapy seems a prudent strategy pending further information.
